Compared to homogeneous traffic flow, traffic speed variation is drastic with the involvement of heterogeneity. With an intent of studying the negative upshot of fluctuating speeds of heterogeneous traffic on the environment, the current paper is the outcome of the research done on various highways located in the states of Andhra Pradesh and Telangana in India, with an objective of developing a comprehensive noise prediction model by taking into account the traffic and roadway factors. Quantified noise levels [Leq (dBA) and L10 (dBA)] revealed that for the traffic speed variation of 10 to 95 kmph, the traffic noise levels were significantly affected by the variations in the proportion of the vehicle. On a specific note, the proposed model can be effectively used for the highway traffic noise prediction especially for the heterogeneous traffic, as the difference between the measured and predicted noise levels are within 1 to 10 dB (A).
Introduction
A recent study conducted by World Health Organisation (2011) reported that "one million people are losing their lives every year due to traffic noise in western Europe alone." This proves the severity and necessity of mitigating the traffic noise from every delicate corner possible. This inevitable requirement led to the need for taking up traffic noise studies by researchers globally including India, to study the core factors leading to road noise levels. Compared to most of the countries across the world, the unique phenomena that worries the road planners and traffic engineers in India is the heterogeneity in traffic flow on most of the roads. Accordingly, one of the significant agonizing factors affecting the road noise levels in India being the vehicle itself. Moreover, a drastic increase in different vehicle classes hitting the Indian roads are dreadful, as they grew at the Compound Annual Growth Rate (CAGR) of 10.5% between 2002 and 2012 (Guite, 2017 ; Hindu business line, 2009). This rise in different classes of vehicles in the traffic stream has made the nature of heterogeneity of Indian traffic into more complex phenomena (Bhavatharathan and Mallikarjuna, 2012; Kulkarni, 2014) . Thus, there is a need for better traffic noise prediction models especially for the mixed traffic conditions. This is because, with the presence of different vehicle sizes, different engine characteristics and manoeuvring abilities, the road traffic movements results in the spectrum of noise levels (Jain et al., 2006; Wei et al., 2016) . This is because, vehicle speeds holds a direct logarithmic relation with the tyre/road noise, and is dominant at speeds exceeding 50 kmph (Kumar et al., 2011) . On the contrary, propulsion noise is the dominant noise source at lower vehicle speeds (Boodihal et al., 2014) . Thus, the road traffic noise from the vehicle fleet is defined as the combination of aerodynamic noise, propulsion noise, and tyre/road noise levels (Adams et al., 2006; Cong et al., 2013) . As aerodynamic noise effect is very less on overall noise emission, and is experienced only by the person sitting in the vehicle, the concentration of the noise levels due to tyre/road interaction and propulsion noise sources were majorly considered in traffic noise quantification (Sandberg and Ejsmont, 2002 ; Van Blokland and Peeters, 2009). As both of these sources are highly dependent on the vehicular speeds, it can be said that tyre/road interaction and engine propulsion are the most contributing noise sources on the Indian roads. Thus, it is inevitable to consider the speed spectrum along with the possible vehicle classes for developing the noise prediction model for Indian conditions to use as a design aid for future.
In earlier years, researchers (Gupta et al., 1984; Raghavachari and Narsimhamurthy, 1986; Rao, 1997) reported that, along with the vehicular characteristics, traffic and roadway parameters will affect the traffic noise levels. By considering the effect of these parameters, few studies (Parida et al., 2003; Shukla et al., 2009 ) focussed on comparing the geographical transferability of three different models (Federal Highway Administration (FHWA) Model, Calculation of Road Traffic Noise (CORTN) Model and stop-and-go Model) to predict the noise levels in New Delhi and Lucknow cities in India. Both FHWA and CORTN Models gave the acceptable result with a deviation of 1 dB (A) 7 dB (A) for FHWA, and 1 dB (A) 4 dB (A) for CORTN model. Besides, there is a definite limitation of not considering the acceleration and deceleration lane approach for interrupted traffic flow in FHWA model. To overcome this limitation, Rajkumara and Gowda (2008) developed an empirical traffic noise prediction model under interrupted traffic flow conditions using the acceleration and deceleration approach in the urban road network of Bangalore city in India. Along with the collection of traffic noise levels, traffic composition, traffic volume and the vehicle spot speed, effect of the distance of a sound level meter from the nearest traffic lane was considered. It was observed that variation in distance of the sound level meter to the noise source had a significant effect on the captured noise levels. Govind and Soni (2012) suggested the applicability of FHWA model in Indian conditions, and concluded that minimizing the speed limits on highways can be a constructive means of reducing the traffic noise at urban units. Research works (Sharma, 2008; Jamatia et al., 2009) were also focussed on capturing the traffic noise levels in the commercial zones of the urban areas of Agartala city in India where, a regression model was developed to represent the Leq (dB) from traffic volume and traffic speed. Average traffic speed variation was observed between 25 to 41 kmph and noise level variation between 41 dB (A) to 101 dB (A) that exceeded the local noise limits. On the other hand, Nelson and Piner (1977) observed that congested urban traffic would experience the speed of around 20 kmph and free flow traffic speed on the highway will exceed the 100 kmph in most cases. Thus, proposing the compact model for the noise prediction near urban agglomeration should include the wide speed range as it will differ from time to time, and is hugely varied by traffic and roadway parameters. Accordingly, the current study considers the highways near the urban agglomeration, and an attempt has been made in order to develop the traffic noise prediction models for the wider spectrum of vehicle speeds in the heterogenic traffic. Previously studies in India measured noise levels in the cities with main focus on the identification of traffic factors affecting the traffic noise levels.
Mahesh and Anu (2010) measured the prevailing noise levels at the major locations in Thiruvananthapuram city in India, to identify the traffic noise concentrated areas. Both traffic volume and traffic speed were considered from the near and far sides of the sound level meter in assessing the noise levels. Contribution from the heavy vehicles on the measured noise levels was observed to be significant in their study. Bakowski et al. (2017) proposed a new parameter for assessing the equivalent sound pressure level from the road traffic studies, with the intent of analysing the relationship between the traffic volume and the traffic noise. It was observed that fluctuations in measured noise values over a year would not fall under the normal distribution, and the chance of imprecise determination is maximum with standard ISO procedures. Apart from traffic and vehicular parameters, the effect of surface type and the texture of the pavement have shown a significant effect on the generation of traffic noise levels on the highways (Neithalath et al., 2005) . McNerney et al. (1998) measured the sound pressure levels of individual passes of the test vehicles on different pavement types. A significant difference of 7 dB (A) to 10 dB (A) was observed with change in the noise characteristics of pavement surface types and recommended the consideration of the respective surface types prior to the selection of highway. Moreover, each vehicle class was generating different noise levels at the same vehicle speeds (Kamineni and Chowdary, 2016) . This shows the necessity of considering the proportion of the vehicles in order to develop the traffic noise prediction models for any road. Moreover, each vehicle will have a different manoeuvring ability and its movement differs for each type of road, as the driving pattern involves a sudden change in acceleration and deceleration depending upon the geometrics of the roads. Accordingly, roadway geometrics need to be considered in order to formulate policies related to the road traffic noise.
On the whole, the mixed traffic will affect the noise levels from both the corners of volume and speeds, which in turn can be affected by the roadway geometrics and pavement characteristics. As each type of vehicle can generate different noise levels at the same speeds, consideration of independent proportion of vehicles in quantifying the noise levels is necessary while considering the broad range of speeds occurring on highways, which is found lacking in the most of the previous studies. Thus, the main objective of this study is to develop a comprehensive noise prediction model for heterogeneous highway traffic covering the whole possible spectrum of speeds including the selection of governing parameters affecting the noise levels such as traffic speed, traffic volume, and carriageway width.
Study Area and Data Collection
The study area selected for the current study covers the important highways in the states of Andhra Pradesh and Telangana in India, that are grouped in Table 1 . Usually, noise levels were measured through near field and far field measurements. Placing the microphones on the roadside and capturing the noise levels from the moving traffic is classified under farfield methodology and is adopted in the current study. A class 1 sound level meter was placed at a predefined distance of 1.5 meters from the adjacent traffic lane, at the height of 1.5 meters above the ground, and the continuous noise levels were measured with a data logging of 1-second interval using the time averaging method. Accordingly, SVAN 945A pocket sound level meter (SLM) was used to measure the noise levels and are analysed using SVAN PC suite by transferring the data to the computer. As consideration of these classes on the same roadway will lead to heterogenic traffic volume, classes of all vehicles were converted into Passenger Car Units (PCU's). Spot speeds of the vehicles were recorded using the RADAR speedgun. Along with these traffic parameters, geometric factors such as the width of the carriageway, the number of lanes and the shoulder width were recorded for each highway location. All the measurements were carried out from 10 am to 5 pm continuously.
Results and Discussion
Various vehicle types travelling on the highways would generate different noise levels with respect to the vehicle and roadway characteristics. To account for these variations over a continuous noise exposure level on the commuters, the captured noise levels were averaged for a data logging of 15 minutes and one-hour time intervals, and the governing Leq (dBA) and L10 (dBA) were analysed with respect to the vehicle volumes and speeds as shown in Figures 1(a) to 8 (c) . Figure 1(a) shows that maximum Leq (15 minutes) of 107.1 dB (A) was observed for the vehicle volume of 176 (pcu's). On the same section, for the highest volume (pcu's) of 238.5, the Leq (15 minutes) was observed to be 103.5 dB (A) between 11:00 to 11:15 am. This shows that maximum Leq (15 minutes) need not necessarily corresponds to the maximum traffic volume, and vice-versa. Whereas, on Warangal-Khammam highway, maximum Leq (15 minutes) of 99.5 dB (A) was observed for the highest 15-minute volume of 136 (pcu's) shown in Figure 3(a) . Thus, the variation of the proportion of the vehicle type can play a significant role in the generation of traffic noise levels, irrespective of the traffic volumes. Similar results were observed on other highways, as shown in Figures 2(a), 4(a), 5(a), 6(a), 7(a)  and 8(a) .
As the continuous noise exposure over time is more fatal than the instantaneous noise source for commuter's health, along with traffic volumes, average speeds were taken for each 15-minute time interval. It was observed that individual speeds of vehicles on all the highways were ranging between 10 to 95 kmph, with an average 15-minute speed of 30-65 kmph. With the variation being drastic, the effect of speed on the noise level will be significant too. This is because, crossover speed between the engine propulsion and tyre/road interaction for highway traffic vary between 30-50 kmph (Sandberg and Ejsmont, 2002) . Moreover, literature concluded that noise levels from the vehicles will vary linearly with speed. On a contradicting tone, for a highest 15-minute average traffic speed of 60.06 kmph in Figure  1 . This is because, a weight of the vehicle can be a judgemental factor in the noise generation. This concludes that the proportion of vehicle volumes and road speed combination will play a major role in generating the continuous highway noise levels. Moreover, the carriageway width of the selected highways was different, which may affect the driving pattern apart from the volume and speeds. Accordingly, the consideration of all these independent variables can be vital for analysing the noise levels for the development of the prediction model for the highway. In order to confirm it, scatter plots are developed between the captured noise levels and these independent parameters, to observe the relationship between them. The developed scatter diagrams for both Leq (dBA) and L10 (dBA) are shown in Figures 9 to 10 . Figures 9 and 10 , it can be observed that the noise levels have shown a significant relation with speed and volumes whereas the relationship with carriageway width is questionable. Accordingly, data collected at all the study locations were taken and averaged for 15 minutes and 1-hour intervals, and datasets were prepared for both Leq and L10, that were processed using SPSS package to develop the linear noise models for all the highways selected in this study. 
where, Leq(hr) = A -Weighed equivalent sound pressure level for one hour, L10(hr) = A -Weighed noise level exceeded for the 10% of the total observations for one hour, and L1,L2,L3 and L4 are fluctuating noise levels for an interval of t1, t2,t3 and t4.
Models are developed for the prediction of the noise levels, and these models are tested for the logical sign for every coefficient. Student t-test values are compared with the table values to know their significance of contribution to explain the variation in noise levels. Table 2 presents the best form of regression equations obtained for each highway location for both Leq (dBA) and L10 (dBA) noise descriptors, with the highest R 2 value. Data corresponding to each highway passing through a particular city was combined and the models are developed accordingly. With the data pertaining to the two major highway locations near Vijayawada city, the models have been proposed as in Table 2 . On a similar note, data collected at five important national highways covering the Hyderabad-Nagpur, Hyderabad-Vijayawada, Hyderabad-Pune, Hyderabad-Bengaluru, and Hyderabad-Warangal Highways was averaged for 15 minutes and one hour, and the respective calibrated models are shown in Table 3 . Finally, field data collected at all the study locations were taken and averaged for 15 minutes and 1-hour time intervals, and datasets were prepared for both Leq (dBA) and L10 (dBA), and the comprehensive noise prediction models are developed, that are shown in Tables 4 to 8. To check the validity of the comprehensive model developed in this study, 180 sample observations within the collected noise data from all the highway sections is utilized. Non-parametric testing (chi-square test) for all models were conducted to know the difference between observed and predicted values. Accordingly, Chi-square test (χ 2 ) was performed between the observed and predicted values of Leq (dB), where χ 2 (calculated) is appeared to be 22.825 and χ 2 (Critical) at the 5% level of significance is 69.90. Since the χ 2 (calculated) is less than χ 2 (critical), it can be concluded that difference between observed and predicted values are insignificant, that are shown in Table 9 . 
Conclusions
Measured noise levels for all the selected highways revealed that both Leq (dBA) and L10 (dBA)are exceeding the noise limits, which can annoy the road users in a menacing way. Moreover, the measured noise levels in the time frame of 15 minutes and one-hour time intervals have shown a clear correlation with both the traffic variables, including volume and speed. At the same time, the results revealed that the combination of volume proportion and road speeds would play a significant role in highway noise level generation. The comprehensive models developed in this study were validated resulting in a predicted difference of 1 to 10 dB (A) with the observed values. Henceforth, the developed comprehensive model can be effectively used for the noise prediction for the highways with the similar traffic and geometric conditions. Moreover, the proposed model can be effectively used in noise assessment for heterogenic traffic conditions, as the considered vehicle classes for the study covers the most possible modes on Indian highways. Moreover, the study shows that, percentage of two and three wheelers have been dominating the volume proportion in most of the highways selected, showing the need for improved public transportation facilities to keep the average noise levels within the limits prescribed by Central Pollution Control Board (2000) of India. The study can be further extended by assessing the noise levels inside the vehicle on the same highways, in order to compare the noise levels affected by both the commuters (occupants of the vehicle) and the road users including the pedestrians, which is more beneficial in order to formulate the traffic noise regulations.
